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APPENDIX D

EVALUATION TO ESTABLISH BEST-BASIS INVENTORY FOR
SINGLE-SHELL TANK 241-T-105
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APPENDIX D

- VALUATION TO ._3TABLISH BEST-BASIS INVENTORY FOR
SINGLE-SHELL TANK 241-T-105

The following evaluation provides a best-basis inventory estimate for chemical and
radionuclide components in tank 241-T-105.

1.0 IDENTIFY/COMPILE INVENTORY SOL..(™3

Characterization results from the most recent sampling event for this tank are in Appendix B.
These rest s are based on two core samples (cores 53 and 54) obtained in 1993. Waste
recovery was incomplete for both cores. As a result, the estimated sample inventories are
based only on segment 1 of the 2 segment core samples. The solids recovery for segment 2
was especially low. Analyses indicate the waste is strongly heterogeneous. The HDW model
document (Agnew et al. 1996a) provides tank content estimates, derived from the LANL
model, in terms of component concentrations and inventories.

D2.0 CO! ?ARE COMPONENT INVENTORY VALUES AND NOTE
SIGNIFICANT DIFFERENCES

Sampling-based inventories derived from the analytical concentration data (see Section B3.4),
and HDW model inventories generated by the LANL HDW model (Agnew et al. 1996), are
compared in Tables D2-1 and D2-2. (The chemical species are reported without charge
designation per the best-basis inventory convention). The tank volume used to generate these
inventories is 371 kL (98 kgal). This volume which is reported in Hanlon (1996) is the same
as that reported by Agnew et al. (1996a). The density used to calculate the sampling inventory
estimate is 1.64 g/mL, based on sample measurements, which is higher than the value reported
in Agnew et al. (1996a). The HDW model density is estimated to be 1.24 g/mL. Note the
significant differences between the sampling-based and HDW model inventories for several
bulk components, for example, Al, Bi, Mn. This indicates the sample represents CW waste
and probably does not represent the 2C waste type.

D-3












HNF-SD-WM-ER-369 Rev. 1A

D3.0 REVIEW AND EVALUATION OF COMPONENT INVENTORIES

1e following evaluation of tank contents was performed to identify potential errors and/or
missing information that would influence the sampling-based and HDW model component
inventories.

D3.1 CONTRIBUTING WASTE TYI'™5

The following abbreviations were used to designate waste types:

-- first decontamination cycle B ), waste
2C

= secon decontamination cycle BiPO, waste
RCW = REDOX process aluminum cladding waste
Cw = BiPO, process aluminum cladding waste.

Tank 241-T-105 is the middle tank in a cascade that includes tanks 241-T-104 and 241-T-106.
In 1946, tank 241-T-105 began receiving 2C waste (Anderson 1990, Agnew et al. 1996b).
The waste was sent directly from T Plant to tank 241-T-105, bypassing tank 241-T-104. The
2C waste cascaded from tank 241-T-105 to 241-T-106 when tank 241-T-105 was full.

In 1948, the cascade line from tank 241-T-104 to tank 241-T-105 was used to transfer

1C waste from tank 241-T-104. This 1C waste was combined with cladding waste from the
removal of Al fuel element cladding. The cladding waste comprised about 7 percent of the
1C/CW waste stream. The cascade from tank 241-T-104 to tank 241-T-105 was used for .
transfer of 1C/CW waste until the last additions of 1C/CW waste from T Plant in 1954. In
1954, supernatant in tank 241-T-105 was transferred to cribs.

Beginning in 1955 and until 1956, only CW was sent directly to tank 241-T-105. This waste
settled in the tank until 1967 when the supernate was transferred to cribs. Agnew et al.
(1996a) defines the origin of the cladding waste from the REDOX process (RCW), whereas
Anderson (1990) targets the cladding waste as CW from the BiPO, process. Further
evaluation of waste transaction records in Agnew et al. (1996b) suggests BiPO, CW was added
rather than RCW. However, the measurable difference between the two types of cladding
waste is probably negligible.

In 1967, tank 241-T-105 was filled with dilute 300 Area laboratory waste. Much of the
supernatant in tank 241-T-105 was sent to the 242-T Evaporator in 1967 and 1968.
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Additional dilute wastes were sent to tank 241-T-105 from 1968 to 1973. These waste types
probably did not contribute significantly to the ta-'--" solids volume. These wastes consisted
of decontamination waste from T Plant, some supernate transferred from other single-shell
tanks, and B Plant low-level waste and ion exchange waste. In 1974, most of the supernate
was transferred from tank 241-T-105.

Based on this process history, it is expected that 2C waste fills the tank bottom. The 1C waste
makes up another layer. The records indicate that cladding waste may reside above the 1C
waste. As summarized below, Anderson (1990) and Hill et al. (1995) predict that some
cladding waste is present in tank 241-T-105 (not mixed with 1C waste). However,

Agnew et al. (1996a) predicts the presence of only 1C and 2C waste, claiming the majority of
the cladding waste solids were transferred to cribs along with the supernatant in 1967.

Expected Solids in Waste

Anderson (1990), SORWT (Hill et al. 1995): 1C, 2C, CW
Agnew et al. (1996a), Agnew et al. (1996b): 1C, 2C

Model-Based Predicted Current Inventory (Agnew et al. 1996a)

Waste Type Waste Volume kL (kgal)
1C2 98 (26)
2C2 273 (72)

The analytical results for tank 241-T-105 indicate much higher concentrations of aluminum
and lower concentrations of bismuth in the waste solids than would be predicted from waste
that contained only 1C and 2C waste from the BiPO, process. These results suggest a
significant proportion of the waste that was sampled consists of cladding waste which contains
the precipitated aluminum resulting from neutralization of the dissolved aluminum fuel
cladding. The analysis provides evidence that CW exists in tank 241-T-105.

Agnew et al. (1996a) does not predict any CW beyond that mixed with the 1C waste in the
tank.

The waste transaction record (Agnew et al. 1996b) shows that 980 kL (259 kgal) of cladding
waste was introduced into the tank during 1955 and 1956. Although the transaction records
show that this waste v .removed.in 1967, it is likely that a significant portion of the
precipitated solids remained on the waste surface. If it is assumed the solids content of the
neutralized waste is 7 volume percent, a maximum of approximately 79 kL (21 kgal) of CW
could remain in the tank. As noted earlier, these cladding waste s " s are expected to
originate from the BiPO, process rather than the REDOX process.
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6. The precipitated solids are concentrated by a factor of 10 in 1C waste
(equivalent to 10 volume percent s« ds) and 20 for 2C waste (equivalent to
5 volume percent solids) and 8 for CW (equivalent to 16 volume percent solids).
The concentration factors (CFs) for 1C and 2C waste are based on inventory
evaluations for tanks 241-T-104 and 241-B-111, respectively. The CF for CW
is based on the inventory evaluation for tank 241-U-204.

7. Sodium, NO,, NO,, PO,, SO,, Cr, and F partition between the liquid and solid
phases. This assumption is based on the behavior of these components in
tanks 241-T-104, 241-B-111, and 241-U-204.

8. No radiolysis of NO, to NO, and no additions of NO, to the waste for corrosion
purposes are factored o thisinde] 1« 1itas sment.

D3.4 VOLUME RA [O OF WASTE TYPES

The HDW model predicts 98 kL (26 kgal) of 1C waste and 273 kL (72 kgal) of 2C waste in
tank 241-T-105. As noted earlier, analytical information indicates that BiPO, process CW also
may con rise a portion of the total waste. Because all three waste types (1C, 2C, and CW) in
tank 241-T-105 contain common chemical constituents, it is difficult to predict the relative
proportion of the waste types, particularly considering the bias of the analytical data. For this
assessment, the volume of 1C and 2C waste in the tank was determined by multiplying the
ratios predicted by Agnew et al. (1996a) for 1C and 2C waste (27 volume percent 1C, 73
volume  cent 2C), by the total volume of waste in the tank, less 79 kL (21 kgal) attributed
to CW waste (ie. 371-79 kL). The resulting assumed volumes for each waste type are
provided in Assumption 2 of Section D3.3.

3.5 ¥ T] DDOLOGY FOR ESTIMATING TANK 241-T-105 INVENTORY

The sample-based inventories for tank 241-T-105 do not represent the entire tank contents. In
addition, the process history for this tank is not adequately defined to enable an estimate of
waste component inventories. However, the known waste types in tank 241-T-105 (1C, 2C,
and CW) have been sufficiently characterized in other tanks to enable this information to be
used as a basis for predicting the inventory in tank 241-T-105. Thus, inventories calculated
for tanks 241-T-104.(1C. waste), 241-B-111 (2C waste), and 241-U-204 (CW waste), provided
the basis for most of the tank 241-T-105 estimates.

Caution should be taken when assuming that the chemical composition for a particular waste
type in one tank can be used for that waste type in other tanks. Although this assumption has
been shown to be valid for some tanks, particularly for those in a cascade arrangement,
component concentrations in a particular waste type may not always be comparable to other
waste tanks because of the large variation in the waste volumes flowing through the tanks,
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D3.6 ESTIMATED INV™NTORY OF COMPONENTS

The following calculations provide estimates of tank 241-T-105 inventories for components.

Components Assumed to Precipitate 100 percent.

Bi:

Fe:

Similarly:

Si:

[.00623 moles Bi/L,. x 57 kgal x 20gqc + 0.012 moles Bi/L;¢ x
20 kgal x 10cg;0] x [3,785 L/kgal x 209 g/mole Bi x MT/1E+06]
=7.5MT '

[0.032 moles Fe/L,c x 20 kgal x 10¢g;, + 0.03 moles Fe/L,c x 57
kgal x 20cgq0] x [3,785 L/gal x 55.85 g/mole Fe x MT/1E+06] =
8.6 MT

4.3 MT
0.021 MT
0.020 MT
1.0MT
17 MT

Components Assumed to Partition Between Aqueous and Solid Phases

Na:

Similarly:

Cr:
SO,:
PO,:
F:
NO;:
NO,:

[2.17 moles Na/L, x 20 kgal x 10 x 0.16 1. + 1.59 moles
Na/L,. x 57 kgal x 20 CF x 0.15 PF + 3.79 moles Na/Ly x
21 kgal x 6CF x 0.2 PF] 3,785 L/kgal x 23 g/mole Na x
MT/1.0E+06 g 38 MT

0.36 MT
5.8 MT
20 MT
1.2 M.
31 M.
4.0 M.

"Estimated component inventories from this evaluation are compared with the sample from
tank 241-T-105 and HDW model-based inventories in Table D3-3. Observations regarding
these inventories are noted, by component, in the following text.
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The results from this evaluation support using a predicted inventory based primarily on
analytical results for tanks 241-T-104, 241-B-111, and 241-U-204 as the basis for the best-
estimate inventory to tank 241-T-105 for the following reasons:

1. Waste transactions based on Anderson (1990) for tank 241-T-105 show
significant quantities of CW solids and waste solids from the first and second
contamination cycles of the BiPO, process. The HDW model (Agnew
et al. 1996a) predicts only 1C and 2C waste layers in the tank although the
analytical data based on the 1993 core samples from tank 241-T-105 are
considered poor because solids recovery was low. The analytical results
indicate that waste from this sample contained primarily CW.

2. Because waste recovery for the two core samples from tank 241-T-105 was
incomplete, it is unlikely that the sample-based inventory represents the entire
tank. However, radionuclide distribution in the samples appears to represent the
tank, based on heat load estimate.

3. The solubility data in Agnew et al (1996a) for several chemical components are
not consistent with the analytical data for tanks that contain only 1C and 2C
waste (tanks 241-T-104 and 241-B-111, respectively). '

Because of the limited sample recovery, the sample data for tank 241-T-105 are not considered
represen ive of the entire tank contents. As a result, the analytical-based inventories for
tanks 241-T-104, 241-B-111, and 241-U-204 were used to derive the best-basis inventory of
chemical components that were added to tank 241-T-105 from process flowsheet additions.
The analytical results from tanks 241-T-104, 241-B-111, and 241-U-204, which contain only
1C, 2C, and CW, respectively, agree with predicted inventories for these tanks based on
process flowsheets and waste fill history. Assessments have shown that the analytical-based
cc positions for these tanks can be extrapolated to the same waste types in other tanks,
particularly if the tanks are in a cascade arrangement. The assumptions regarding the
representativeness of tank samples must be considered speculative at this time with resolution
provided by possible future resampling of this tank.

Inventories for components, which were not added from the process flowsheets, are based on
the core samples from tank 241-T-105. All radionuclide inventories are based on the sample
analysis of tank 241-T-105. Radionuclide curie values are decayed to January 1, 1994.

Best-basis inventory estimates for tank 241-T-105 are shown in Tables D4-1 and D4-2. The
quality of the estimate for chemical and radionuclide components is considered low because the
inventories are either extrapolated from data from other tanks (241-T-105, 241-B-111, and
241-U-204), or they are based on sample results from tank 241-T-105 that are considered
biased. The inventory values reported in Tables D4-1 and D4-2 are subject to change. Refer
to the Tank Characterization Database (TCD) for the most current inventory values.
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Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1
of Kupfer et al. 1997), all decayed to a common report date of January 1, 1994. Often, waste
sample analyses have only reported *°Sr, *’Cs, #***°Pu, and total uranium, or (total beta and
total alpha) while other key radionuclides such as ®Co, *Tc, '*I, "Eu, * L4, and *'Am, etc.,
have been infrequently reported. For this reason it has been necessary to derive most of the 46
key radionuclides by computer models. These models estimate radionuclide activity in batches
of reactor fuel, account for the split of radionuclides to various separations plant waste
streams, and track their movement with tank waste transactions. (These computer models are
described in Kupfer et al. 1997, Section 6.1 and in Watrous and Wootan 1997.) Model
generated values for radionuclides in any of 177 tanks are reported in the Hanford Defined
Waste Rev. 4 model results (Agnew et al. 1997). The best-basis value for any one analyte
may be either a model result or a sample or engineering assessment-based result if available.
(No attempt ©  been made to ratio or normalize model results for all 46 radionuclides when
values for n  sured radionuclides disagree with the model.) For a discussion of typical error
between model derived values and sample derived values, see K fer et al. 1997, Section
6.1.10.

Best-basis tables for chemicals and only four radionuclides (**Sr, ¥’Cs, Pu and U) were being
generated in 1996, using values derived from  earlier version (Rev. 3) of the Hanford
Defined Waste model. When values for all 46 radionuclides became available in Rev 4 of the
HDW model, they were merged with draft best-basis chemical inventory docun its. Defined
scope of work in FY 1997 did not permit Rev. 3 chemical values to be updated to Rev. 4
chemical values.
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